Three methods for the combustion of organic fluorine compounds are known: the first is the Parr bomb method 1 , the second is combustion in the oxygenhydrogen flame method 2 , the third is the oxygen flask method. 3, 4 The third method is popularly used for the decomposition of organic compounds containing halogens or sulfur, because it can bring results quickly and easily. It can be claimed that the oxygen flask method is more suitable than the others for small fluorine content and combustible compounds, such as analytical standards or pharmaceutical products. However, the size of the combustion flask limits the applicable amount of the samples, causing occasional incomplete combustion.
The determination methods available for fluoride ion are titration with lanthanum(III) or thorium(IV) [5] [6] [7] , spectrophotometry 3, 8, 9 and ion chromatography. 10 In usual cases involving the oxygen flask method, the amount of fluoride in the sample is at the one-milligram level. Spectrophotometry or ion chromatography may not always be needed in view of the required accuracy and complexity for preparing the calibration curve. Although titration with lanthanum(III) or thorium(IV) using as an indicator (SPADNS or Stilbazo) is easier, it is not feasible to titrate 1 mg of fluoride ion. Potentiometric titration with lanthanum(III) or thorium(IV) using a fluoride-selective electrode still has tedious steps, since it requires the Gran Plot method for determining the end point. 5 We have examined a titration method of fluoride ion with aluminum and using a fluoride electrode; this method has enabled us to determine the end point graphically on the titration curve without performing any calculation. Furthermore, we have examined the conditions for the combustion of organic fluoride by the oxygen flask method.
Experimental

Equipments
A Metrohm E-536 potentiometric titrator with a 1 cm 3 burette was employed for potentiometric titration. A fluoride electrode (Orion F-9409) was used as an indicator electrode, and the reference electrode was a saturated silver-silver chloride electrode. A Mettler M5S/A chemical micro-balance was used to weigh the samples. A 500 cm 3 quartz flask was used as the combustion flask.
Reagents
The organic fluorine compounds employed were pfluorobenzoic acid and fluoroacetamide (standard reagent for elemental analysis, Kisida) as well as dexamethazone (for biological use, Wako 
Procedure
Precisely weigh the organic fluorine compound, and wrap it in 30×30 (mm) No.7 filter paper (Toyo). Use 4 cm 3 of water as the absorbent in the flask. Set the filter paper in the combustion flask and impregnate one or two drops of acetone to the filter paper, and then carry out combustion. After combustion, transfer the absorbent into the titration vessel, and wash the inside of the flask with 30 cm 3 of methanol divided 3 times.
Put the washing together with the absorbent and add to it 1 cm 3 of the buffer (pH 4.5), and carry out the potentiometric titration with a 0.01 mol dm -3 aluminum solution. Determine the end point from the inflection point of the titration curve by the graphical method.
Results and Discussion
Selection of titrant
Prior to adopting of the potentiometric titration using a fluoride electrode, metal ions to be used as the standard solutions were selected.
The titration of 0.75 mg fluoride in 35 cm 3 of 0.1 mol dm -3 nitric acid, 0.002 mol dm -3 nitric acid and pH 4.5 acetate buffer solution was performed with 0.01 mol dm -3 thorium(IV), lanthanum(III) and aluminum solution, respectively. The end point could not be identified, due to the dissociation of metal fluoride. To prevent ion dissociation, methanol was added. Figure 1 shows the titration curves in an 85% aqueous methanol solution. A leap in the potential facilitated the end point to be chosen from the inflection point. The end point for each metal corresponded to AlF 6 3-, ThF 4 , and LaF 3 , respectively. Since the logarithmic acid dissociation constant of hydrofluoric acid is 3.35, it would be desirable to titrate at a pH of over 4. The nitric acid solution for lanthanum(III) was changed to pH 4.0 acetate buffer; and the results are shown in Fig. 1 (curve 4). It was noted that the end point was slightly late, possibly due to the formation of a lanthanum(III) acetate complex. Since the titration curve with aluminum showed a steep slope at the inflection point, and the end point was determined with ease, a 0.01 mol dm -3 aluminum solution was used as the titrant. The solutions having two different amounts (0.7 mg and 1.5 mg) of fluoride were titrated with 0.01 mol dm -3 aluminum solution. The results were satisfactory in both concentrations, obtaining a recovery of 100.1% and a relative standard deviation (RSD) of 0.2%. It was assumed that the determination of fluoride is feasible by titration with aluminum.
Influence of anions
The influences of some anions upon the recovery of 0.7 mg fluoride were investigated. No influence by 0.1 mol dm -3 chloride, nitrate or nitrite ion was identified. However, under the existence of 0.01 mol dm -3 sulfate ion and 0.1 mol dm -3 bromine ion, it was found that the recovery became 1% higher. Taking into consideration the sample size of the organic fluoride compound by the oxygen flask method, it was assumed that there was no appreciable influence by these ions, as mentioned above.
Combustion condition
In the oxygen flask method, the filter paper used to wrap the sample was also used as the fuel; any shortage of fuel was assumed to cause incomplete combustion. Therefore, the size (by weight) of the filter paper (No.7 filter paper) was changed to varying sizes of 40 -120 mg, and then the combustion and determination of fluoride were carried out. The results revealed that the variation in the amount of the filter paper had no influence upon the recovery, nor any RSD.
Further, the influence of the solvents was investigated. The second row of Table 1 shows the results of the determinations of fluoride after adding one or two drops of benzylalcohol to the filter paper. With an amount of 5 mg (F=0.65 mg), a good recovery was identified, while with 10 mg (F=1.3 mg) the recovery was similar to the no-treatment result (the first row of Table 1 ). However, the addition of benzyl alcohol reduced the fluctuation of the results. 1146 ANALYTICAL SCIENCES DECEMBER 1998, VOL. 14 4(0.2) 95.9 (1.5) To compare the effect of the solvents having different properties, a comparative check was performed for the case of dexamethazone between acetone (volatile) and dichloromethane (non flammable). As shown in Table  1 (the third and fourth rows), both solvents and benzyl alcohol showed good recovery and favorable RSD, less than 0.3% for a small sample size. In the case of fluoroacetamide, addition of benzyl alcohol showed favorable RSD. From these findings, it was assumed that the solvent dose not act as a sub fuel, but disperses and dilutes the sample over the filter paper to accelerate uniform combustion in this case. Since benzyl alcohol occasionally developed soot during ignition, it was desired that a volatile solvent for the sample could be added, such as acetone or dichloromethane.
Sample size and amount of fluorine
It was ascertained whether incomplete combustion was ascribable to the sample weight or to the total amount of fluorine. Fluoroacetamide with a content of 24.65% fluorine and dexamethazone with a content of 4.84% fluorine were employed, producing the results given in Table 1 (fifth and the sixth rows). Using 0.5 -0.7 mg of fluorine, the resulting recoveries for the two compounds were 100.5% and 99.4%, respectively, whereas with 1.0 -1.3 mg fluorine, the recovery was as low as 93 -96% for both fluoroacetamide and dexamethazone. It seemed that the enlarged fluctuation of fluoroacetamide result depended on the error in the weighing and the wrapping operation and on the large fluorine content. From these findings, it was estimated that incomplete combustion could not be ascribable to the sample size, but to the total amount of fluorine.
